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ABSTRACT
Background Pneumonia and inﬂuenza (P&I) is a major
cause of morbidity and mortality in the USA, particularly
in elderly people. Recent research indicates that P&I may
be linked to socioeconomic conditions associated with
interactions of children with vulnerable elderly people
that may proliferate the spread of disease. This study
assessed the associations between four
sociodemographic characteristicsdmedian county
income, Gini index, youth dependency ratio and
proportion of co-residential caregiver grandparentsdand
P&I on the county level overall and by age group.
Methods All hospitalisations due to P&I from 1991 to
2004 were abstracted from the Centers for Medicare
and Medicaid Services database and categorised by
inﬂuenza year (JulyeJune) and age category. Using
generalised estimating equations, associations between
P&I rates and four sociodemographic variables were
assessed and models were stratiﬁed by income to
assess income as a potential effect modiﬁer.
Results P&I rates were higher in counties with lower
median income. In low-income counties, high levels of
live-in grandparental caregivers were associated with
consistently higher levels of pneumonia and inﬂuenza
rates. The Gini index was positively associated with
disease rates, particularly in younger age groups.
Discussion These results suggest complex relationships
between sociodemographic characteristics and P&I
outcomes for elderly people, particularly those related to
children. The strength of the relationship between the
proportion of grandparental caregivers and disease rates
decreases with age, which may caregiving patterns, or
may serve as a proxy for related sociodemographic
characteristics. These ﬁndings merit further research to
understand better how area-level factors affect P&I
patterns in elderly people.
Inﬂuenza-induced morbidity and mortality have
increased over the past several decades.
1 Each year,
pneumonia and inﬂuenza (P&I) cause an average of
36000 deaths in the USA, 90% of which occur in
individuals aged 65 years and above.
2 The biology,
3
epidemiology and transmission pathways
4 of
inﬂuenza and pneumonia are well understood. The
prevailing means of preventing inﬂuenza is through
annual vaccination.
5 Given the lack of universal,
compulsory vaccination coverage in the USA,
determining which population subgroups have the
highest risk of contracting inﬂuenza, experience the
most severe consequences of inﬂuenza-associated
diseases and would beneﬁt the most from vacci-
nation is an ongoing challenge.
67Even accounting
for vaccination, unknown factors remain that
determine which individuals will contract inﬂuenza
due to population heterogeneity.
8 Although prob-
lematical for everyone, inﬂuenza is particularly
detrimental for elderly people, who experience the
highest morbidity and mortality from inﬂuenza
and related diseases.
9
A growing body of evidence suggests that inter-
actions between children and elderly people
contribute to the spread of inﬂuenza. Vaccinating
children against inﬂuenza was associated with
reduced P&I in the older population,
10e12
suggesting herd immunity, or the indirect protec-
tion of populations from infections from a portion
of the population having immunity from the
disease.
13 For inﬂuenza transmission to occur
between children and elderly people, there must be
contact between individuals. The greater the
number of contacts with infected people one has,
the more likely that person is to contract inﬂu-
enza.
14 Susceptible individuals, such as adults
whose contact network includes more individuals
are more vulnerable to infection than those whose
contact network is more limited, or than those who
have contact with individuals who are less infec-
tive. The inﬂuenza virus is highly contagious
among children largely because of proliﬁc virus
shedding in this age group and a short viral repli-
cation cycle. Inﬂuenza attack rates can be as high as
40% in children during epidemic years.
15 Contact
rates with other age groups are less frequent, but
still important. Up to 13% of all daily contacts of
school-aged children are from the age group
51 years and above.
16
Grandparental caregiving patterns may facilitate
the transmission of inﬂuenza virus from children to
elderly people. In 2000, nearly 5.8 million grand-
parents lived with their grandchildren, 43% of
whom had primary caregiving responsibilities for
their grandchildren who are under 18 years old.
17
Caring for grandchildren is believed to affect health
in several ways. Direct health effects include
increased exertion,
18 exposure to infections due to
stress
19 and loss of sleep.
20 Indirect health effects
include reducing time for preventive self-care, such
as physician visits and exercise,
21 and associated
changes in overall lifestyle and social relation-
ships.
22 Stress from caregiving may be responsible
for reductions in immune response, suggesting that
caregiving may increase the likelihood of
contracting inﬂuenza among older adults.
23 Care-
giving grandparents differ from grandparents who
do not caregive in terms of socioeconomic status.
Those providing extensive caregiving for their
grandchildren were less educated,
24 had lower
incomes and were more likely to be in poverty than
those grandparents who provided occasional care.
25
Grandparental caregiving has effects on the indi-
vidual, household, community and population
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Research reportlevels. Research on contextual or proximate determinants of
health that show that higher population-level socioeconomic
status is associated with better health and well-being, including
health achievement
26 and seeking preventive health measures.
27
Socioeconomic status alone may not fully represent the
complete socioeconomic picture of a population, and does not
fully explain the health differentials that exist among socio-
economic strata. Income distribution plays an important
contextual role in population health, above and beyond the
contribution of overall population wealth. Relationships
between high income inequality and higher mortality was
illustrated on two different geographical levels: the metropolitan
area
28 and the state.
29 The relationship between increased
income inequality and morbidity was evident for a variety of
health outcomes; in particular, increased infection rates, partic-
ularly pneumonia and bronchitis.
30
The objective of this study is to assess how the population-
level interactions of youth and elderly people inﬂuence P&I
patterns in older adults and how income and income inequality
relate to P&I outcomes and potentially mediate the associations
between elderly people and children, and how these relation-
ships vary with age in elderly people.
METHODS
Data sources
The unit of analysis in this study is the county. Data for this
analysis were abstracted from the Centers for Medicare and
MedicaidServicesandtheUSCensusBureau.Allclaimsrecordsof
hospitalisations associated with P&I (International Classiﬁcation
of Disease version 9 Clinical Modiﬁcation codes 480e487)
31 were
abstracted from the Centers for Medicare and Medicaid Services
databasesforeachof13inﬂuenzayears,deﬁnedas1Julyto30June
of the following year, from 1991e2 to 2003e4, a slight modiﬁ-
cation ofthedeﬁnition of ‘inﬂuenza year’in previousstudies.
32 33
Data were aggregated by county for all ages, and by age group:
65e74, 75e84 and 85+ years. This was performed for all years as
a whole and for each individual inﬂuenza year.
Population counts were estimated using data from the decen-
nial US census. Age-speciﬁc population totals wereobtained from
census 1990 and 2000 and, using linear interpolation, counts by
age group were estimated for each single year of analysis, begin-
ning on July 1991. Medicare claims counts were divided by these
single-season age-speciﬁcpopulationcountstoestimateP&Irates
for each inﬂuenza season, overall and by age category. For the
analysis of all years combined, the midpoint population, July
1997,wasusedasthedenominator.Explanatorydemographicand
socioeconomic variables were obtained from US census 2000
summary ﬁle 3. For stability of rates, counties with fewer than
1000 residents aged 65 years and above were combined with
adjacent counties to make a total of 2792 counties for analysis.
Statistical analysis
Univariate statistics were obtained for all variables, including
means, standard deviations and interquartile ranges. To estimate
global spatial autocorrelation, Moran’s I statistics were esti-
mated for each explanatory and outcome variable. This measure
is similar in interpretation to Pearson’s correlation coefﬁcient in
which negative values indicate negative spatial correlation and
positive values indicate positive spatial correlation. Unlike
Pearson’s correlation coefﬁcient, however, Moran’sIi s
unbounded, although in practice the statistic generally falls
between  1 and 1.
34 Maps depicting the spatial distributions of
key predictor and outcome variables were also examined. All
statistical and spatial analyses were conducted on the county
level. An analysis of bivariate Spearman correlations was then
performed to examine associations among predictor variables
and between predictor and outcome variables. Simple log-linear
regression models were then used to assess further the rela-
tionships between each predictor and outcome variable pair and
to help determine the explanatory variables that were most
closely and consistently related to P&I rates.
To model the relationships between socioeconomic and
demographic characteristics and P&I rates, multiple log-linear
regression models were used. This was done for all ages
(65+ years) and for individual age groups 65e74, 75e84 and
85+ years. Seven separate models were examined for each set of
outcome variables; the predictors included were based on the
results of the preliminary data analysis described above. The ﬁrst
three models had combinations of the two demographic vari-
ables: youth dependency ratio (the ratio of the population under
age 15 years to the population age 15e64 years) and the
proportion of co-residential caregiving grandparents, all of which
were abstracted from census 2000 and the American Commu-
nity Survey. Upon conducting a preliminary analysis using
several caregiving-related variables, it was determined that the
proportion of co-residential grandparents who were also care-
givers for their grandchildren is the best variable to represent the
broad social interactions intended to analyse in this study and
was adapted based on evidence from earlier literature on the
topic of co-residence and caregiving.
35 The youth dependency
ratio, the ratio of the population under age 15 years to the
population age 15e64 years, is an indirect measurement used in
public health studies to describe population structure related to
the interactions of youth and adults.
36 These two predictor
variables were analysed separately and together. The second set
of models included socioeconomic variables also abstracted from
the US Census Bureau bensus 2000 and the American
Community Survey: The variable that represented income
inequality was the Gini index, a measure of income inequality,
which is continuous and can range from 0 to 1, where 0 denotes
a county with income distributed perfectly evenly throughout
the population and 1 denotes a county with all of the wealth
clustered in one individual. Median household income was
examined and, using a binary variable, counties were coded as
having an average household income above or below the median
for the USA. The ﬁnal model included all four predictor variables
from the demographic and socioeconomic models to assess
potential confounding (model 7).
A model containing all variables except for income was then
stratiﬁed by income level to assess possible interactions between
the sociodemographic variables and income. To account for vari-
ability in the magnitude of P&I over time, each model contained
indicator variables representing the inﬂuenza season. All multiple
log-linear regression models were adjusted for population density
andspatiallocationusingthecoordinatesofthecountycentroids,
given the modest but signiﬁcant associations between each set of
coordinates and disease rates. Models were assessed both giving
each county equal weight and weighting by log of population
size, although only the results of the unweighted analyses are
presentedhere.StatisticalanalyseswereconductedinSASversion
9, and spatial analyses were performed using ArcMap version 9.1
(Environmental Systems Research Institute).
RESULTS
Summary statistics are displayed in table 1, and suggest some-
what right-skewed distributions for population density and, to
a lesser extent, for P&I rates in each age category. More speciﬁc,
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Research reportannual differences in P&I hospitalisation rates by age category
are displayed in ﬁgure 1. P&I rates increased over time (p<0.001
for each age group), particularly in the 85+ years group, and
then levelled off in the late 1990s. From the 1992e3 to the
1998e9 seasons, average county P&I rates increased 13.8% for
65e74-yearolds, 21.0% for 75e84-year olds and 32.2% for those
age 85 years and above. Spatial autocorrelations, as assessed
through global Moran’s indices, were small but statistically
signiﬁcant (p<0.05) for all exposure and outcome variables.
Moran’s I was lower for P&I rates (I¼0.03e0.04) than for
the socioeconomic and demographic predictor variables
(I¼0.07e0.13).
The spatial distributions of P&I rates over the entire period of
study are shown in ﬁgure 2. These maps demonstrate that P&I
rates follow distinct geographical patterns and generally increase
with age over the age categories examined. Regions with the
highest P&I rates include the western Appalachians to the
Midwest, the High Plains region and several counties in Nevada.
Spatial distributions of the four key explanatory variables are
also shown in ﬁgure 2. Youth dependency ratios were highest in
the northern Great Plains, the lower Mississippi valley, western
Texas, Utah and northeastern Arizona. The proportion of co-
residential caregiving grandparents was highest in the Great
Plains, the South and the Rocky Mountains. Median household
income was highest near major cities, whereas the counties with
the lowest incomes were found predominantly in the Deep
South and western Appalachians. Gini indices were highest in
the South, Southwest and scattered throughout the High Plains.
There were strong correlations between the socioeconomic
and demographic predictor variables. All covariates were signif-
icantly associated with each other covariate at the p<0.001
level, although the magnitude of these associations varied
among variable pairs. The strongest negative association was
found between the Gini index and median income (r¼ 0.673,
p<0.001). Income and the log of population density were
strongly and positively correlated (r¼0.516, p<0.001). The
proportion of co-residential caregiving grandparents was also
negatively correlated with income level (r¼ 0.407, p<0.001).
We also examined related, potentially inﬂuential variables,
including the average number of people households, but found
only weak associations between this variable and P&I rates
overall and for each age category (r between  0.023 and
 0.090).
Parameter estimates from the seven Poisson regression models
examined are displayed in table 2. Model 1 showed no signiﬁcant
relationships between the youth dependency ratio and P&I rates
Table 1 Summary statistics for P&I rates and key demographic and socioeconomic explanatory variables
Percentiles
No of counties Mean (SD) 25th 50th 75th Moran’s I
P&I rates
Overall 2785 47.3 (27.5) 33.9 43.1 55.1 0.03
65e74 years 2791 24.9 (15.1) 17.5 22.5 29.1 0.04
75e84 years 2792 55.2 (32.4) 40.4 50.8 63.9 0.03
85+ years 2786 119.1 (73.4) 85.0 106.8 138.4 0.03
Demographic variables
Population density (per square mile) 2792 103.1 (701.7) 8.8 19.0 45.8 0.07
Percentage of co-residential
grandparents in the grandparent
population
2792 2.7 (1.5) 1.7 2.4 3.5 0.07
Percentage of co-residential
grandparents who care for their
grandchildren
2792 57.5 (12.0) 49.8 57.5 65.1 0.07
Youth dependency ratio 2792 33.1 (4.6) 30.5 33.0 35.4 0.09
Socioeconomic variables
Gini index 2792 0.417 (0.033) 0.394 0.416 0.439 0.13
Median income 2792 35670 (8914) 29973 34097 39741 0.10
P&I, pneumonia and inﬂuenza.
Figure 1 Distributions of county-level
pneumonia and inﬂuenza (P&I)
hospitalisation rates by inﬂuenza year
(JulyeJune) for three age groups:
65e74, 75e84 and 85+ years.
Symbols depict medians.
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Research reportFigure 2 Average annual pneumonia and inﬂuenza (P&I) hospitalisation rates by county for age 65 years and above (panel A), age 65e74 years
(panel B), age 75e84 years (panel C) and age 85 years and above (panel D), and distributions of county-level predictor variables: youth dependency
ratio (panel E), proportion of live-in grandparents who provide care for grandchildren (panel F), median household income (panel G) and Gini index
(panel H).
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Research reportacross all age categories. However, there was a consistent positive
relationship between the proportion of live-in grandparents who
have primary caregiving responsibilities for their grandchildren
and P&I rates across all age categories, although the magnitude of
therelationshipbecameslightlysmallerasageincreased(models2
and3).AssociationswereobservedfortheGiniindexinmodel5,in
whichtherewasasigniﬁcantpositiveassociationbetweentheP&I
rate and Gini index for the population overall and for those aged
65e74 years.TheriskofP&Iwasbetweenapproximately11%and
28% higher in counties whose median household incomes were
below the national median, compared with those above the
national median (model 4, all counties), respectively, and these
associations remained when the Gini index was included (model
6). This relationship between median county income and P&I
rates was present across all three age groups. All socioeconomic
and demographic variables were included in model 7, and the
relationships observed in the individual models remained,
including a consistent positive relationship between P&I and the
percentageofco-residentialcaregivinggrandparents,exceptinthe
oldest age category. Moran’s I for these models were modest
(I¼0.03e0.04),butstatisticallysigniﬁcant,suggestingsomeslight
residual spatial autocorrelation, even after accounting for spatial
and socioeconomic attributes. All models controlled for the log of
population density, spatial location and seasonal variability.
Parameter estimates from the full model, except for the income
indicator variable, stratiﬁed by county income level are shown in
table 3. The youth dependency ratio was again not signiﬁcantly
associatedwithP&Iratesinanyofthemodels.TheGiniindexwas
positivelyassociatedwithP&Iratesinthelow-incomecountiesfor
the 65e74 years age group. The proportion of caregiving, co-resi-
dential grandparents was signiﬁcantly associated with increased
P&I rates in low-income counties for all age groups examined, the
magnitude of which decreased slightly with increasing age; this
association was not evident in high-income counties.
DISCUSSION
Interpretation of ﬁndings
This study is among the ﬁrst to examine the potential for co-
residential caregiving grandparents to have an increased risk of
P&I in the older population. Caregiving responsibilities in co-
residential grandparents may serve as a contextual proxy for
related socioeconomic conditions that may actually be related to
the spread of P&I between children and elderly people or among
elderly people themselves.
37 Alternatively, this ﬁnding could
reﬂect the true nature of inﬂuenza transmission between chil-
dren and grandparental caregiversdnamely increased contact
between the generations in areas with high grandparental care-
giving levels
16 perhaps contributing to decreased immune
response in older adults.
23 The magnitude of the positive rela-
tionship between the proportion of co-residential caregiving
grandparents and P&I decreased with age, which may indicate
lower levels of primary caregiving for grandchildren at the oldest
ages, consistent with earlier research.
25 The percentage of co-
residential caregiving grandparents was consistently and
Table 2 Estimates of relative risks and 95% CI from Poisson regression modelling of P&I rates overall and by age categories for demographic (models
1e3), socioeconomic (models 4e6) and for all variables combined (model 7)
Childreneelderly person interactions Socioeconomic status
Youth dependency
ratio
Proportion of live-in
grandparents who care
for their grandchildren
Below US median
income county Gini index
Model 1 All 0.84 (0.48, 1.48)
65e74 years 1.04 (0.58, 1.86)
75e84 years 0.81 (0.46, 1.28)
85+ years 0.66 (0.90, 1.17)
Model 2 All 1.62 (1.25, 2.12)***
65e74 years 1.67 (1.27, 2.21)***
75e84 years 1.50 (1.14, 1.97)**
85+ years 1.41 (1.06, 1.88)*
Model 3 All 0.93 (0.54, 1.60) 1.62 (1.25, 2.11)***
65e74 years 1.16 (0.66, 2.03) 1.68 (1.28, 2.20)***
75e84 years 0.88 (0.51, 1.52) 1.49 (1.14, 1.96)**
85+ years 0.70 (0.40, 1.22) 1.40 (1.06, 1.84)*
Model 4 All 1.19 (1.11, 1.28)***
65e74 years 1.23 (1.14, 1.32)***
75e84 years 1.16 (1.08, 1.25)***
85+ years 1.13 (1.05, 1.23)**
Model 5 All 1.14 (1.03, 1.26)**
65e74 years 1.21 (1.08, 1.35)***
75e84 years 1.10 (0.99, 1.23)
85+ years 1.08 (0.97, 1.20)
Model 6 All 1.20 (1.09, 1.31)*** 0.98 (0.87, 1.11)
65e74 years 1.21 (1.11, 1.32)*** 1.03 (0.90, 1.18)
75e84 years 1.18 (1.08, 1.29)*** 0.96 (0.84, 1.09)
85+ years 1.15 (1.05, 1.27)** 0.96 (0.84, 1.10)
Model 7 All 1.04 (0.61, 1.77) 1.48 (1.11, 1.96)** 1.18 (1.08, 1.30)*** 0.97 (0.86, 1.09)
65e74 years 1.36 (0.79, 2.36) 1.48 (1.16, 1.98)** 1.20 (1.09, 1.32)*** 1.02 (0.90, 1.16)
75e84 years 0.95 (0.55, 1.62) 1.38 (1.03, 1.85)* 1.17 (1.07, 1.28)** 0.95 (0.84, 1.07)
85+ years 0.74 (0.43, 1.28) 1.31 (0.97, 1.78) 1.14 (1.03, 1.26)* 0.95 (0.83, 1.07)
*p <0.05; **p<0.01; ***p<0.001.
All models controlled for log of population density, spatial location and seasonal variability.
P&I, pneumonia and inﬂuenza.
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Research reportpositively associated with P&I rates in the poorest counties,
particularly in the younger age groups, which supports the
notion that the association of increased grandparental caregiving
and higher P&I rates may be more problematical in poor socio-
economic populations. The precise mechanisms of this remain
not fully understood, but these observations could be due to
differences in the type of care provided by grandparents in lower
income areas, such as crowdedness, which may lead to increased
physical proximity, or perhaps from older, decaying infrastruc-
ture, such as poor ventilation or a propensity to live in public
housing. On a broader scope, grandparents living in poorer areas
may also have a limited access to health care, particularly
because of income for care payment, more difﬁcult access to
a physician, or even less possibility to consult a physician with
children at home for whom they provide care.
The age-associated relationships observed between income
inequality and P&I rates were consistent with the ﬁndings of
a similar study demonstrating that higher income inequality
was associated with poor health conditions across the US
population, but the magnitude of this relationship decreased as
age increased.
38 Few studies have examined the potential for the
relationship between income inequality and health to vary by
age, although several studies examine the relationships between
income inequality and health and age and health indepen-
dently.
39 40 This study explores the possibility that income
inequality and health are related, even after accounting for the
relationship between income and health.
Limitations
Several important limitations should be taken into consideration
regarding the statistical modelling procedures and variable
construction used in this analysis. This analysis employs the
county Gini index as the exposure variable, but several studies
have suggested that other measures, such as the Robin Hood
index and the Atkinson index,
41 and other measures, including
simple poverty measures, have the potential to capture other
aspects of income distribution and inequality that the Gini index
cannot.
42 A related issue to this is the question of how income
inequality affects health outcomes; little is known about the
speciﬁc pathways through which income inequality inﬂuences
health, but researchers have speculated several possibilities. One
potential mechanism is the breakdown of social cohesion that
occurs in areas with high socioeconomic inequality. In
economically homogeneous societies and local areas, increased
social cohesion, solidarity and life expectancies have been
observed,even after accounting fortheoveralllevelofwealth.
43 44
Another possibility is that areas of high socioeconomic disparities
lead to worse provision of public goods and services,
45 including
the public health infrastructure, which could lead to more detri-
mental health outcomes, such as P&I. Alternatively, in areas of
high income inequality, being of comparatively low social status
relativetootherscouldaffectpatternsofviolence,disrespect,poor
social relations and depression, and may interact with other
health-related factors such as social support.
46 More research is
needed to elucidate these relationships and specify those exact
pathways through which the relationship between income
inequality and health outcomes occurs, as well as understanding
the differences in how income inequality, distinct from income
itself, affects population health.
An assessment of contact rates between children and elderly
people is difﬁcult to estimate on the population level. The two
primary variables of interestdthe proportion of co-residential,
caregiving grandparents and the youth dependency
ratiodprovide meaningful information, but may not tell the
complete picture about contact rates. Average household size,
contact networks, and other related variables may shed addi-
tional light on this complex issue and can be addressed in future
studies. The way in which caregiving itself was measureddthe
proportion of co-residential grandparents who provide care for
their grandchildrendomits non-co-residential caregiving grand-
parents and may be skewed by a small denominator: the co-
residential grandparent population. However, this variable was
selected to quantify the size of the older population who
potentially have the greatest contact with children, as opposed
to co-residential grandparents who do not provide care, or non-
co-residential grandparents who provide care occasionally.
Ecological studies are often criticised because the ﬁndings of
an ecological study apply only on the population level and
cannot be extended to the individual level,
47 an example of
the ‘ecological fallacy’.
48 Despite the inherent drawbacks of the
ecological design, it is both necessary and appropriate to use an
ecological design in this type of analysis. In addition, this
research does not purport to extend the relationships observed at
the county level to the individual level. This study is concerned
with population rates, not an individual’s susceptibility to P&I
based on individual risk factors, such as caregiving, personal
income and individual contact networks. Furthermore, some
variablesdmeasures of income inequality and dependency
ratiosdcannot be deﬁned on the individual level.
49 50 Future
research can expand on those individual-level factors that cannot
be addressed in ecological studies, but are crucial to the under-
standing of the transmission of inﬂuenza from children to
elderly people. Another issue ecological analyses raise is the
choice of geographical level on which to aggregate. Relationships
observed on the county level do not necessarily reﬂect the nature
of the relationships on other geographical levels.
51
Policy implications and future research
Despite these limitations, the ﬁndings of this study contribute
to the small, but growing body of evidence suggesting that
Table 3 Relative risks from full model by county median income (above or below national median)
Youth dependency ratio
Proportion of live-in grandparents who
care for their grandchildren Gini index
Overall High-income counties 1.00 (0.34, 2.92) 1.27 (0.66, 2.46) 0.83 (0.67, 1.02)
Low-income counties 0.95 (0.63, 1.43) 1.62 (1.34, 1.95)*** 1.10 (1.00, 1.22)
65e74 years High-income counties 1.75 (0.62, 4.95) 1.32 (0.69, 2.52) 0.85 (0.66, 1.09)
Low-income counties 1.12 (0.72, 1.73) 1.57 (1.29, 1.92)*** 1.20 (1.08, 1.32)***
75e84 years High-income counties 0.84 (0.29, 2.48) 1.15 (0.59, 2.27) 0.79 (0.63, 0.99)*
Low-income counties 0.90 (0.60, 1.35) 1.55 (1.29, 1.87)*** 1.10 (1.00, 1.21)
85+ years High-income counties 0.58 (0.20, 1.70) 1.07 (0.53, 2.15) 0.81 (0.64, 1.02)
Low-income counties 0.74 (0.49, 1.13) 1.48 (1.21, 1.80)*** 1.07 (0.96, 1.19)
*p<0.05; **p<0.01; ***p<0.001.
All models controlled for log of population density, spatial location and seasonal variability.
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Research reportcertain sociodemographic factors, particularly those pertaining
to the dynamics between children and co-residential elderly
people, may inﬂuence P&I rates in elderly people. Future
research is necessary to help explain the observed relationships
between co-residential grandparents providing care to their
grandchildren, income inequality and P&I outcomes in elderly
people. Although this research is preliminary, these ﬁndings have
potential signiﬁcance for policies and programmes for grandpa-
rental caregivers. Targeted social distancing may be effective at
reducing the spread of inﬂuenza from particularly vulnerable
populationsdelderly peopledfrom those that are often most
infectivedchildren. This does not mean keeping children and
elderly people separated from one another, but rather to direct
resources to reduce the spread of inﬂuenza from children to
elderly people, such as the vaccination of children against
inﬂuenza and related diseases.
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What this study adds
< This study demonstrated that areas of high income inequality
and low overall income had higher levels of inﬂuenza-
associated disease in elderly people, and there were
consistent associations between grandparental caregiving
and inﬂuenza-associated diseases in elderly people, even after
controlling for socioeconomic status. These ﬁndings indicate
that population-level sociodemographic factors, particularly
the potential for increased intergenerational contact for co-
residential grandparents, may inﬂuence inﬂuenza dynamics.
What is already known on this subject
< Inﬂuenza causes substantial morbidity and mortality for the
vulnerable population of US elderly people.
< Children play an integral role in the spread of inﬂuenza, yet
little is known about how children transmit inﬂuenza to elderly
people on the population level.
< Income inequality also affects population health and has
negative effects on many chronic and infectious diseases.
Therefore, we examined the associations between four key
sociodemographic factors related to childesenior interactions
and socioeconomic status and inﬂuenza outcomes using
a comprehensive database of hospitalisations in US elderly
people for 13 inﬂuenza years.
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